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(54) DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a display device with 
high light taking out efficiency by arranging an angle 
conversion means which converts the outgoing angle of light 
emitted from a luminescent layer and emits it to the outside 
in a transparent substrate. 

SOLUTION: In a display device in which a thin film layer 
containing a luminescent layer is stuck to a transparent 
substrate and light emitted from the luminescent layer is 
emitted to the outside through the transparent substrate, an 
angle conversion means which converts the outgoing angle of 
light emitted from the luminescent layer and emits it to the 
outside is arranged in the transparent substrate. For example, 
as the angle conversion means, a metal wedge member 1 1 is 
embedded in the glass substrate so as to surround a 
luminescent region corresponding to each pixel of an organic 
EL element. The wedge member 1 1 has the cross section of 
an equilateral triangle, and part of light emitted from the 
organic luminescent layer is reflected with the equal sides. 
When the reflected right is emitted to the air, an incidence 
angle on the interface between the glass substrate and air is made smaller than a critical angl 
glass and air. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The display unit characterized by establishing the angle conversion means which the light by 
which outgoing radiation was carried out from this luminous layer changes the outgoing radiation angle 
of the light by which outgoing radiation was carried out from the aforementioned luminous layer into 
the aforementioned transparent substrate in the display unit emitted outside through this transparent 
substrate, and emits outside while adhesion fixation of the thin film layer containing a luminous layer is 
carried out at a transparent substrate. 

[Claim 2] The aforementioned angle conversion means is a display unit according to claim 1 
characterized by being what changes into an angle smaller than this critical angle the angle of the light 
by which outgoing radiation was carried out at the larger angle than a critical angle to the interface with 
the exterior of the aforementioned transparent substrate among the light by which outgoing radiation 
was carried out from the aforementioned luminous layer. 

[Claim 3] The aforementioned angle conversion means is a display unit according to claim 1 
characterized by changing into an angle smaller than the aforementioned critical angle the angle of the 
light by which outgoing radiation was carried out from the aforementioned luminous layer with the 
larger angle than a critical angle to the interface with the exterior of the aforementioned transparent 
substrate, and making the aforementioned interface carry out incidence of the changed light. 
[Claim 4] The aforementioned angle conversion means is the claim 1 characterized by the bird clapper 
from the reflective member which reflects the light by which outgoing radiation was carried out from the 
aforementioned luminous layer, or a display unit according to claim 3. 

[Claim 5] It is the display unit according to claim 4 with which the aforementioned luminous layer sets a 
predetermined gap, respectively, and is arranged in the shape of a matrix while it is formed in the shape 
of a rectangle, and the aforementioned reflective member is characterized by being installed in the 
aforementioned gap and the position which counters while a cross section is formed in a wedge shape. 
[Claim 6] For the aforementioned transparent substrate, the aforementioned angle conversion means is 
the claim 1 characterized by being what changes the angle by making the light by which consisted of 
transparent members from which a refractive index differs, and incidence was carried out through the 
aforementioned transparent substrate refracted, or a display unit according to claim 3. 
[Claim 7] It is the display unit according to claim 6 with which the aforementioned luminous layer sets a 
predetermined gap, respectively, and is arranged in the shape of a matrix while it is formed in the shape 
of a rectangle, and the aforementioned transparent member is characterized by being installed in the 
aforementioned gap and the position which counters while a cross section is formed in a wedge shape. 
[Claim 8] The aforementioned luminous layer is the claim 1 characterized by the bird clapper from an 
organic compound, or a display unit given in 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the display unit which uses 

organic electroluminescent element etc. 

[0002] 

[Description of the Prior Art] Conventionally, the organic electroluminescent element (an organic EL 
element is called hereafter) which makes current pass and emit light to the fluorescent substance formed 
on the glass plate or the transparent organic film is known. As an organic EL element, as shown in 
drawing 9, it is represented by the structure where the laminating of the organic electron hole 
transporting bed 3 which consists of an organic compound between the cathode 6 which is a metal 
electrode, and the anode plate 2 which is a transparent electrode, the organic luminous layer 4 which 
consists of an organic compound, the organic electronic transporting bed 5 which consists of an organic 
compound, and the cathode 6 was carried out to order. It connects with the external power supply 7, and 
an anode plate 2 and cathode 6 are energized. 

[0003] The organic electron hole transporting bed 3 has the function to convey an electron hole from an 
anode plate 2, and the function which blocks an electron, and the organic electronic transporting bed 5 
has the function to convey an electron from cathode. In these organic EL element, the glass substrate 91 
is arranged on the outside of an anode plate 2, an exciton arises by the reunion of the electron poured in 
from cathode 6, and the electron hole poured in from the anode plate 2 to the organic luminous layer 4, 
light is emitted in the process in which this exciton carries out radiation deactivation, and this light is 
emitted outside through an anode plate 2 and a glass substrate 91. 

[0004] Work functions, such as an indium stannic-acid ghost (henceforth ITO) and a stannic-acid ghost, 
are large to an anode plate 2, and the transparent conductivity material which makes luminescence emit 
outside is used for it. Moreover, it is alloys, such as aluminum (aluminum), magnesium (Mg), an indium 
(In), silver (Ag) simple substance metals or these aluminum-Mg, and Ag-Mg, and material with a small 
work function is used for cathode 6. 

[0005] Moreover, the aluminum complex of for example, 8-hydroxyquinoline etc. is used for the organic 
luminous layer 4, and it is for example, N'-diphenyl in the organic electron hole transporting bed 3. - 
The N and N' -screw (3 methylphenyl) -1, the l'-biphenyl -4, and the 4 , -diamine (TPD) are used 
preferably. The aluminum complex of for example, 8-hydroxyquinoline etc. is used for the organic 
electronic transporting bed 5. 

[0006] Drawing 10 is the partial perspective diagram of the display unit by the organic EL element 
which constituted the organic EL element mentioned above in the shape of a matrix in pixel 
correspondence. In drawing 10 , the organic electron hole transporting bed 3 in drawing 9 , the organic 
luminous layer 4, and the organic electronic transporting bed 5 are named genetically, and the organic 
layer 21 shows. Other glass substrates 91, an anode plate 2, and cathode 6 carry out the same work by 
the same member as drawing 9 . With dozens - hundreds nanometer order, since it is very thin, it is 
necessary to fix to the substrate of comparatively thick milli order to it, and it is necessary to reinforce 
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each electrode layer and each organic layer thickness which were explained above, and, generally a 

transparent glass substrate is used for this reinforcement. 

[0007] 

[Problem(s) to be Solved by the Invention] The light to which outgoing radiation of the organic EL 
element of the structure mentioned above was carried out from the organic luminous layer over the wide 
range direction of 0 - 180 degrees to the luminescence side is emitted into the atmosphere through an 
organic electron hole transporting bed, the transparent electric conduction film of ITO, and a glass 
substrate. However, in case light passes through the interface of each class, when the refractive index of 
the matter by the side of incidence is larger than the refractive index of the matter by the side of 
outgoing radiation, total reflection of the light which carries out incidence at a larger angle than the 
angle from which a critical angle, i.e., the outgoing radiation angle of a refracted wave, becomes 90 
degrees will be carried out in an interface. 

[0008] the relation of the rate of an optical refraction in the interface of a different-species medium — a 
Snell's law - the medium of a refractive index nl to refractive index n2 the case where light advances to 
a medium - nl >n2 it is - if - the critical angle theta at that time - theta=sin -1 (n2 / nl) 
It is well known for being come out and given. It is drawing showing the principle of the synchrotron 
orbital radiation of an organic EL element in drawing 1 1 . For example, since in the case of the light 
emitted into the atmosphere from a glass substrate 1 the refractive index of air is 1 to the refractive index 
1.5 of usual glass as shown in drawing 1 1 , the critical angle in this case is theta=sin. - It becomes 1 
(1/1.5) = 41.8 degrees, and the outgoing radiation light from the light-emitting part 31 with which theta 
exceeds this critical angle produces total reflection in the interface of a glass substrate 91 and air, and is 
no longer emitted into the atmosphere. 

[0009] Therefore, since the light by which total reflection is carried out cannot reach to the exterior of a 
glass substrate 91, it has the problem that the effective quantity of light decreases visually and the 
ejection efficiency of the light which emitted light falls. 

[0010] this invention is made in view of the above-mentioned trouble, and it aims at offering the high 

display unit of the ejection efficiency of light. 

[0011] 

[Means for Solving the Problem] It is characterized by establishing an angle conversion means for 
invention of this invention according to claim 1 to change the outgoing radiation angle of the light by 
which outgoing radiation was carried out from the light-emitting part in a transparent substrate in the 
display unit by which the light by which outgoing radiation was carried out from the light-emitting part 
while adhesion fixation of the thin film layer containing a luminous layer was carried out at the 
transparent substrate is emitted outside through a transparent substrate in order to solve the above- 
mentioned technical problem, and to emanate outside. 

[0012] Invention according to claim 2 is characterized by an angle conversion means being what 
changes into an angle smaller than a critical angle the angle of the light by which outgoing radiation was 
carried out at the larger angle than a critical angle to the interface with the exterior of a transparent 
substrate among the light by which outgoing radiation was carried out from a luminous layer in a display 
unit according to claim 1. 

[0013] Invention according to claim 3 is characterized by for an angle conversion means changing into 
an angle smaller than a critical angle the angle of the light by which outgoing radiation was carried out 
from the light-emitting part with the larger angle than a critical angle to the interface with the exterior of 
a transparent substrate, and making an interface carry out incidence of the changed light in a display unit 
according to claim 1. 

[0014] Invention according to claim 4 is characterized by the bird clapper by the angle conversion 
means in a claim 1 or a display unit according to claim 3 from the reflective member which reflects the 
light by which outgoing radiation was carried out from the light-emitting part. 

[0015] In the display unit according to claim 4, invention according to claim 5 sets a predetermined gap, 
respectively, and is arranged in the shape of a matrix while it is formed in the shape of a rectangle, and a 
reflective member is characterized by installing it in a gap and the position which counters, while a cross 
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section is formed in a wedge shape. 

[0016] As for an angle conversion means, invention according to claim 6 is characterized by a 
transparent substrate being what changes the angle by making the light by which consisted of 
transparent members from which a refractive index differs, and incidence was carried out through the 
transparent substrate refracted in a claim 1 or a display unit according to claim 3. 
[0017] In a display unit according to claim 6, invention according to claim 7 sets a predetermined gap, 
respectively while a luminous layer is formed in the shape of a rectangle, and it is arranged in the shape 
of a matrix, and a transparent member is characterized by installing it in a gap and the position which 
counters, while a cross section is formed in a wedge shape. 

[0018] In the claim 1 or the display unit given in 7, the luminous layer is characterized by the bird 

clapper from the organic compound by invention according to claim 8. 

[0019] 

[Function] Since light which is reflected in the interface of a transparent substrate and the exterior and is 
no longer emitted out of a transparent substrate by having established the angle conversion means in the 
transparent substrate can be lessened, the ejection efficiency of the light which emitted light compared 
with equipment conventionally can be raised. Moreover, since it can choose, the angle transfer 
characteristic, i.e., visual-sense property, of the light emitted from a transparent substrate by choosing 
the transfer characteristic of an angle conversion means suitably, it becomes possible to acquire various 
visual-sense properties from one luminous layer. 
[0020] 

[Embodiments of the Invention] this invention is explained to it, referring to drawing 1 and drawing 2 to 
below. Drawing 1 and drawing 2 are drawings showing the structure of the organic EL element by this 
invention. Drawing 1 shows the gestalt of each class which constitutes an organic EL element, and 
drawin g 2 is drawing showing the matrix structure of the organic EL element to each pixel. The anode 
plate 2 of the transparent electric conduction film of ITO which has a pattern as shown on a glass 
substrate 1 at drawing 1 in drawing 1 is formed. The metal-bath line 8 which supplies the luminescence 
drive current from an anode terminal 13 to the anode plate 2 of each transparent electric conduction film 
on it is formed. Next, the organic layer 21 which consists of the red of an insulator layer 9 and a 
transparent electric conduction film who insulates an anode plate 2 from other layers, blue, each organic 
luminescence film (R) corresponding to green each, (G), and (B), and the cathode 6 which has cathode 
septum 6a are formed one by one. 

[0021] Next, as each class to each pixel of R, G, and B is shown in drawing 2 , the electrode which 
forms the pixel of the same color in a bilateral symmetry to the path cord of each anode plate is 
constituted, and each electrode of R, G, and B is shifted mutually, is arranged, and is constituted by the 
coplanar. On the other hand, cathode 6 is constituted so that it may intersect perpendicularly to the path 
cord of the above-mentioned anode plate 2 and two trains each may be covered by the same cathode. 
Therefore, if one each of cathode 6 and the anode plates 2 is chosen, it is possible to specify the 
******** electrode of the two same colors. In addition, as shown in drawing 1 and drawing 2 , each 
pixel is arranged across the predetermined gap, and the above-mentioned metal-bath line 8 and above- 
mentioned cathode septum 6a are installed in this gap. 

[0022] Next, the example of an angle conversion means is explained with reference to drawing 3 . 
Drawing 3 is the partial perspective diagram of the wede section material as an angle conversion means 
of the organic EL element in this invention. As shown in drawing 3 , the metal wede section material 1 1 
is embedded as an angle conversion means at a glass substrate 1 so that the luminescence field 
corresponding to each pixel of the organic EL element of above-mentioned composition may be 
surrounded. In case the reflected light penetrates a glass substrate 1 and is emitted into the atmosphere 
by reflecting a part of synchrotron orbital radiation from the light-emitting part 31 which the cross- 
section configuration becomes from an organic luminous layer by nothing and equilateral [ its ] about an 
isosceles triangle, the wede section material 1 1 is set up so that the incident angle in the interface of a 
glass substrate 1 and air may become smaller than the critical angle of glass and air. Drawing 4 shows 
the state where wede section material was removed from drawing 3 . Although each pixel is arranged in 
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the shape of a matrix across the predetermined gap 14 so that drawing 2 may also show, the wede 
section material 1 1 is installed in a gap 14. Therefore, the wede section material 1 1 will be arranged in 
the position which counters the metal-bath line 8 and cathode septum 6a. 

[0023] Next, an operation of the wede section material 1 1 constituted as mentioned above using drawing 
5 is explained. Drawing 5 is drawing showing the principle of the critical angle of the transmitted light. 
Namely, the wede section material 1 1 has the cross section of the isosceles triangle in which a vertical 
angle has the angle of phi. It is arranged between pixels so that 1 pixel of an organic luminous layer may 
be surrounded, and it passes along the light spot from one of the luminescence side of the light-emitting 
part 31 corresponding to 1 pixel of an organic luminous layer, and is a shaft perpendicular to a 
luminescence side, and theta 0. The light emitted so that an angle might be made is reflected on the wall 
surface of the wede section material 1 1 . It is theta 1 to a shaft perpendicular to the luminescence side of 
a light-emitting part 31, i.e., a shaft perpendicular to a glass substrate 1. It goes on to the interface of a 
glass substrate 1 and air at an angle. For this, the incident angle to the interface of a glass substrate 1 and 
air is theta 1. It is saying. This theta 1 has the relation of thetathetal+phi/2=theta0-phi/2 tol =thetaO-phi 
so that clearly from drawing 5 . 

[0024] Therefore, incident angle theta 1 to the interface of a glass substrate 1 and air Radiation angle 
theta 0 from a light-emitting part 31 Only phi can be made small and it becomes possible to emanate 
into the atmosphere to the light in which only phi emitted light by the big radiation angle more 
substantially than the critical angle in the case of being a glass substrate 1 and air in case there is no 
wede section material 11. 

[0025] Made it make it in addition, better [ to arrive at a direct interface without reflecting the light 
emitted at an angle smaller than a critical angle from a light-emitting part by the wede section material 
1 1 as much as possible, since the quantity of light is lost a little also by being reflected by the wede 
section material 11 ]. 

[0026] The height of the wede section material 1 1 and the width of face of a base can choose conditions 
with the as a whole most sufficient ejection efficiency of light by changing suitably according to various 
conditions, such as area of a light-emitting part, and a configuration. 

[0027] Next, how to form such wede section material is explained. The one method shaves a glass 
substrate 1 by the byte, and forms the slot on desired. Next, after operating a slot orthopedically by 
etching, the wede section material 1 1 of the metal used as a reflective barrier is formed by vacuum 
evaporationo. Moreover, the vacuum evaporationo of the metal can be carried out instead of a glass 
substrate 1 using the forming resin substrate which has a forming slot by the resin, and it can also 
consider as the wede section material 1 1 . 

[0028] Next, the result which carried out the simulation of the amount of synchrotron orbital radiation to 
the inside of the atmosphere at the time of using the organic EL element by this invention as a ratio with 
the conventional organic EL element is shown in drawing 6 , and the pixel in that case and the size 
conditions of wede section material are shown in drawing 7 . In drawing 6 , when [ whole ] changing the 
height of wede section material, the quantity of light was conventionally calculated as a ratio to the 
organic whole EL-element (when there is no wede section material) quantity of light of structure. 
[0029] In drawing 6 , the curves shown with Sign a are the height of the wede section material 1 1 at the 
time of setting base width of face of the wede section material 1 1 to 30 micrometers, and the relation of 
a quantity of light ratio. Moreover, the curves shown with Sign b are the height of the wede section 
material 1 1 at the time of setting base width of face of the wede section material 1 1 to 20 micrometers, 
and the relation of a quantity of light ratio. The height of wede section material becomes an increase of 
about 30% of quantity of light by 20 micrometers also to which base width of face, the increase in the 
quantity of light is large, and the direction whose direction of 20 micrometers with narrow width of face 
the height of the wede section material 1 1 is 30 micrometers in 30 micrometers - 100 micrometers 
shows that the increase in the quantity of light to which 50% is exceeded in general can be expected so 
that drawing 6 may show. 

[0030] In addition, as shown in drawing 7 , as for the size of a simulation model, the gap of width of 
face 30 (micrometer) is prepared as a space where 1 pixel installs the wede section material 1 1 in the 
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circumference which is the rectangle of 75x135 (micrometer) and is a pixel. 

[0031] although the above explanation explained the configuration of wede section material as what has 
the cross section of an isosceles triangle — the reflective member of a trapezoid [ configuration / cross- 
section / not only this configuration but ], and a reflector - reflection of a curved surface and the 
spherical surface - a member etc. cannot be overemphasized by that various configurations can be 
chosen in the range which does not deviate from the main point of this invention In addition, since the 
visual-sense property of a display will also change if the configuration of the reflective barrier of wede 
section material is changed, it is possible by choosing the configuration of the wede section material 1 1 
suitably to acquire a desired visual-sense property. 

[0032] Next, the increase in the quantity of light can be aimed at also by making a transparent member 
with a refractive index smaller than transparent substrates, such as a glass substrate, into wede section 
material instead of the wede section material of the metallic-reflection wall which is an angle conversion 
means. The example in that case is shown in drawing 8 . In drawing 8 , when a refractive index 
constitutes the wede section material 41 from a small member rather than a glass substrate, if light 
carries out incidence from a glass substrate 1 to the wede section material 41, it will emanate into the 
atmosphere like the optical path shown by b of drawing 8 with the larger incident angle than a critical 
angle. The optical path shown by a of drawing 8 shows the case where it emanates into the direct 
atmosphere through a glass substrate. 

[0033] It is reflected like [ the part ] the case of b of drawing 8 by the optical path shown by c of 
drawing 8 in the interface of a glass substrate and the wede section material 41, and it is refracted, in 
case it advances from a glass substrate to the wede section material 41, as d of drawing 8 shows, in case 
it advances into a glass substrate at once which will be involved further wede section material 41, it is 
refracted, and in case the remaining portion finally advances into the atmosphere from a glass substrate, 
it is refracted. Although it depends for the grade of refraction on the refractive index of the wede section 
material 41 and a glass substrate, the travelling direction changes with the degrees of tilt angle of the 
interface of a glass substrate 1 and the wede section material 41. 

[0034] In addition, the wede section material which is an angle conversion means by which it explained 
above can also be used as a bus line of the anode plate of the transparent electric conduction film which 
is the layer which adjoins by using a part of the base as a conductive member. That is, although it is 
common to intersect perpendicularly with cathode 6 and to be formed of the vacuum evaporationo of a 
metal thin film etc. on between [ of the transparent electric conduction film of an anode plate 2 ] pixels 
as for the metal-bath line 8 as shown in drawing 1 , even if it forms the metal-bath line 8 between a glass 
substrate 1 and an anode plate 2, it does not produce a problem on operation and a performance target. 
Therefore, a part of base of wede section material can be made into conductivity, or it can use as an 
anode plate bus line by making an electric conduction film form. 

[0035] As mentioned above, although the case where an angle conversion means was used in the 
luminescence display unit of an organic EL element was explained If it is display units of a gestalt 
which emit outside the light by which adhesion fixation was carried out and outgoing radiation of the 
light-emitting part was carried out to the transparent substrate from the light-emitting part through a 
transparent substrate, such as a display unit using the inorganic EL element, of course, this invention can 
be used. Moreover, wede section material can also be constituted also from the quality of the materials 
other than a metal, and as the configuration was also mentioned above, it can use also except a wedge 
shape. 
[0036] 

[Effect of the Invention] Since light which is reflected in the interface of a transparent substrate and the 
exterior and is no longer emitted out of a transparent substrate by having established the angle 
conversion means in the transparent substrate can be lessened according to this invention as explained 
above, the ejection efficiency of the light which emitted light compared with equipment conventionally 
can be raised. 

[0037] Moreover, since it can choose, the angle transfer characteristic, i.e., visual-sense property, of the 
light emitted from a transparent substrate by choosing the transfer characteristic of an angle conversion 
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means suitably, it becomes possible to acquire various visual-sense properties from one luminous layer. 



[Translation done.] 
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